Bathymetry Compilation for Proposed Marine Protected Areas in East Antarctica
Technical Report
Geoscience Australia
Record 2013/24
O. A. Wilson
[image: Australian Government: Geoscience Australia Logo.]
[bookmark: _GoBack]Department of Resources, Energy and Tourism
Minister for Resources and Energy: The Hon Gary Gray AO MP
Secretary: Mr Blair Comley, PSM
Geoscience Australia
Chief Executive Officer: Dr Chris Pigram
This paper is published with the permission of the CEO, Geoscience Australia
[image: Creative Commons Logo. Attribution 3.0 Australia (CC BY 3.0).]
© Commonwealth of Australia (Geoscience Australia) 2013
With the exception of the Commonwealth Coat of Arms and where otherwise noted, all material in this publication is provided under a Creative Commons Attribution 3.0 Australia Licence. (http://www.creativecommons.org/licenses/by/3.0/au/deed.en)
Geoscience Australia has tried to make the information in this product as accurate as possible. However, it does not guarantee that the information is totally accurate or complete. Therefore, you should not solely rely on this information when making a commercial decision.
Geoscience Australia is committed to providing web accessible content wherever possible. If you are having difficulties with accessing this document please contact clientservices@ga.gov.au.
ISSN 1448-2177 (Print)
ISSN 2201-702X (PDF)
ISBN 978-1-922201-55-3 (Print)
ISBN 978-1-922201-56-0 (PDF)
GeoCat 74551
Bibliographic reference: Wilson, O. A. 2013. Bathymetry Compilation for Proposed Marine Protected Area in East Antarctica: Technical Report. Record 2013/24. Geoscience Australia: Canberra.
Version: 1301

Contents
List of Abbreviations	iv
Executive Summary	1
1. Introduction	2
2. Data Sources	4
3. Data Processing	12
3.1. Singlebeam Data	12
3.1.1. Adjustment of Sound Velocity	12
3.1.2. Loading data into CARISTM HIPS (CARISTM, 2011a)	13
3.1.3. Processing of Navigation Data	14
3.1.4. Processing of Depth Data	14
3.2. Multibeam Data	14
3.2.1. Processing of Navigation Data	14
3.2.2. Adjustment of Sound Velocity	15
3.2.3. Processing of Depth Data	15
4. Data Presentation	16
4.1. Projection	16
4.2. Surface Creation	17
4.3. Export of Soundings	18
5. Data Deliverables	19
5.1. Filetypes	19
5.1.1. Interpolated Gridded Surface	19
5.1.2. ArcMapTM GIS Files	19
5.1.3. GeoTIFs	19
5.1.4. Soundings	19
5.1.5. CARISTM Easyview	19
5.2. Individual MPAs	21
5.2.1. Overall Marine Protected Area (MPA) Locations	21
5.2.2. Mertz proposed Marine Protected Area	22
5.2.3. Wilkes proposed Marine Protected Area	23
5.2.4. Drygalski proposed Marine Protected Area	24
5.2.5. Prydz proposed Marine Protected Area	25
5.2.6. Mac.Robertson proposed Marine Protected Area	26
5.2.7. Enderby proposed Marine Protected Area	27
5.2.8. Gunnerus proposed Marine Protected Area	28
Acknowledgements	29
References	30
Appendix A. Determination of Approximate Mean Sound Velocity.	31
[bookmark: _Toc365439601]List of Abbreviations
AAD		Australian Antarctic Division
ANU		Australian National University
ANUDEM	Australian National University Digital Elevation Modelling
CCAMLR	Commission for the Conservation of Antarctic Marine Living Resources
CUBE		Combined Uncertainty and Bathymetry Estimation	
GA		Geoscience Australia
JCU		James Cook University
MPA		Marine Protected Area
MSL		Mean Sea Level
RSMPA	Representative System of Marine Protected Areas
TPU		Total Propagated Uncertainty
UTM		Universal Transverse Mercator
USGS		United States Geological Survey
GIS		Geographic Information System



30	Bathymetry Compilation for Proposed Marine Protected Areas in East Antarctica: Technical Report
Bathymetry Compilation for Proposed Marine Protected Areas in East Antarctica: Technical Report	29
[bookmark: _Toc365439602]Executive Summary
The Australian Antarctic Division (AAD) has developed a proposal for the establishment of seven Marine Protected Areas (MPAs) located around east Antarctica for the purposes of marine ecosystem conservation. As seafloor morphology is a key component of marine ecosystems, this bathymetry compilation for the proposed MPAs was produced to support the AAD proposal. All bathymetry data available to Geoscience Australia at the time of compilation were used. This included multibeam and singlebeam acoustic data which were verified and processed to ensure the data were as accurate as possible. Processing included sound velocity corrections, navigation verification and the rejection of erroneous data points. Once processed, the data were gridded to 100m resolution and projected into suitable WGS84 UTM zones. The gridded data was exported into several formats to facilitate ease of use. The formats include xyz files, ESRI rasters, geoTIFs, CARISTM image files and soundings.
[bookmark: _Toc365439603]Introduction
[bookmark: OLE_LINK11]This bathymetry compilation was produced by Geoscience Australia to help inform the development of a Representative System of Marine Protected Areas (RSMPA) in east Antarctica. The results were presented at the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) Workshop on Marine Protected Areas held in Brest, France in August 2011.
There are seven proposed MPAs (listed as follows from east to west); Mertz, Wilkes, Drygalski, Prydz, Mac.Robertson, Enderby and Gunnerus. These areas were selected based on previous bioregionalisation studies conducted by the AAD and are shown in Figure 1. It should be noted that the MPA boundaries shown in this report are as specified in 2011 and that revised boundaries were released in December 2012.
This technical report details the sourcing, processing and presentation of bathymetric data for the seven proposed MPAs.
[image: This figure shows a map of Antarctica, with the locations of the Australian Antarctic bases and proposed Marine Protected Areas or MPAs. These MPAs are distributed across the eastern side of Antarctica. They are distributed between 30 degrees east and 150 degrees east, and include the proposed MPAs Gunnerus, Enderby, Mac Robertson, Prydz, Drygalski, Wilkes and Mertz. The Australian base Mawson falls within the Mac Robertson MPA. The Davis base is within the Prydz MPA bounds and the base Casey lies in between Drygalski and Wilkes. ]
Figure 1: Location of the seven proposed MPAs on the east Antarctic coast (South Pole Stereographic Projection). The three Australian Antarctic Bases (Mawson, Davis and Casey) are shown.
[bookmark: _Toc365439604]Data Sources
The tables below detail the sources of bathymetric data that were used to create the bathymetric compilations for each proposed MPA. The source institutions listed hold Intellectual Property ownership of the raw data. The data presented in this report may differ from the raw data which has been processed at Geoscience Australia to assure its quality and to enable data integration for each prepared MPA.
Table 1a: Mertz MPA Multibeam Data Sources.
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	University of California, San Diego
	Dunedin-Antarctica-Fremantle CLIVAR/18S
	GA-2493
	RV Roger Revelle
	6/02/2007
	2/03/2007
	Simrad EM-120 12kHz

	Lamont Doherty Earth Observatory
	NBP0008
	GA-2327
	RV Nathaniel B Palmer
	20/12/2000
	25/01/2001
	Seabeam 2112 12kHz

	Laboratoire des Sciences du Climat et de L’Environment
	CADO
	GA-2345
	RV Marion Dufresne
	23/01/2003
	17/02/2003
	Thompson Marconi TSM 5625


Table 1b: Mertz MPA Singlebeam Data Sources.
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	199293090
	GA-2167
	RV Aurora Australis
	11/03/1993
	03/04/1993
	EK38

	AAD
	199394070
	GA-2171
	RV Aurora Australis
	01/01/1994
	01/3/1994
	EK38

	AAD
	199495010
	GA-2172
	RV Aurora Australis
	31/08/1994
	19/10/1994
	EK38

	AAD
	199495040
	GA-2175
	RV Aurora Australis
	13/12/1994
	02/02/1995
	EK38

	AAD
	199495070
	GA-2177
	RV Aurora Australis
	11/04/1995
	08/05/1995
	EK38

	AAD
	199596010
	GA-2178
	RV Aurora Australis
	17/07/1995
	02/09/1995
	EK38

	AAD
	199798070
	GA-2187
	RV Aurora Australis
	03/04/1998
	22/05/1998
	EK38

	AAD
	199900010
	GA-2191
	RV Aurora Australis
	13/07/1999
	07/09/1999
	EK38

	AAD
	199900040
	GA-2193
	RV Aurora Australis
	22/11/1999
	21/01/2000
	EK38

	AAD
	200102030
	GA-2200
	RV Aurora Australis
	28/10/2001
	12/12/2001
	EK38

	AAD
	199697010
	GA-2513
	RV Aurora Australis
	22/08/1996
	25/09/1996
	EK38

	AAD
	200809030
	GA-3662
	RV Aurora Australis
	30/12/2008
	20/02/2009
	EK38

	AAD
	200708030
	GA-4330
	RV Aurora Australis
	13/12/2009
	28/10/2009
	EK38


Table 2a: Wilkes MPA Multibeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	University of California, San Diego
	Dunedin-Antarctica-Fremantle CLIVAR/18S
	GA-2493
	RV Roger Revelle
	6/02/2007
	2/03/2007
	Simrad EM-120 12kHz


Table 2b: Wilkes MPA Singlebeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	199394070
	GA-2171
	RV Aurora Australis
	01/01/1994
	01/3/1994
	EK38

	AAD
	199798070
	GA-2187
	RV Aurora Australis
	03/04/1998
	22/05/1998
	EK38

	AAD
	199900040
	GA-2193
	RV Aurora Australis
	22/11/1999
	21/01/2000
	EK38

	AAD
	199900050
	GA-2194
	RV Aurora Australis
	24/01/2000
	16/02/2000
	EK38

	AAD
	200708010
	GA-3651
	RV Aurora Australis
	29/08/2007
	16/10/2007
	EK38

	AAD
	200809030
	GA-3662
	RV Aurora Australis
	30/12/2008
	20/02/2009
	EK38




Table 3a: Drygalski MPA Multibeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	University of California, San Diego
	Dunedin-Antarctica-Fremantle CLIVAR/18S
	GA-2493
	RV Roger Revelle
	6/02/2007
	2/03/2007
	Simrad EM-120 12kHz

	Alfred Wegener Institute
	ANT-XXIII/9
	GA-2432
	RV Polar Stern
	2/02/2007
	11/04/2007
	Atlas Hydrosweep DS2

	National Science Foundation
	NBP0101
	GA-2365
	RV Nathaniel B Palmer
	5/02/2001
	19/03/2001
	Seabeam 2112 12kHz


Table 3b: Drygalski MPA Singlebeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	288
	GA-0031
	RV Nella Dan
	19/10/1979
	19/03/1980
	Raytheon, 3.5kHz

	AAD
	295
	GA-0032
	RV Nella Dan
	18/10/1980
	19/03/1981
	Raytheon, 3.5kHz

	AAD
	110
	GA-0033
	RV Nella Dan
	17/11/1981
	24/03/1982
	Raytheon, 3.5kHz

	AAD
	199697050
	GA-0149
	RV Aurora Australis
	06/02/1995
	12/04/1995
	EK38

	AAD
	199697050
	GA-0186
	RV Aurora Australis
	28/01/1997
	29/03/1997
	EK38

	AAD
	200102070
	GA-1765
	RV Aurora Australis
	24/01/2002
	07/03/2002
	EK38

	AAD
	199394020
	GA-1821
	RV Aurora Australis
	12/10/1993
	17/11/1993
	EK38

	AAD
	198586050
	GA-2160
	RV Nella Dan
	04/01/1986
	22/02/1986
	EK38

	AAD
	198687070
	GA-2161
	RV Nella Dan
	06/02/1987
	22/02/1987
	EK38

	AAD
	199091060
	GA-2164
	RV Aurora Australis
	03/01/1991
	19/03/1991
	EK38

	AAD
	199293010
	GA-2165
	RV Aurora Australis
	17/10/1992
	23/11/1992
	EK38

	AAD
	199293070
	GA-2166
	RV Aurora Australis
	05/01/1993
	09/03/1993
	EK38

	AAD
	199394040
	GA-2170
	RV Aurora Australis
	19/11/1993
	28/12/1993
	EK38

	AAD
	199394070
	GA-2171
	RV Aurora Australis
	01/01/1994
	01/03/1994
	EK38

	AAD
	199495010
	GA-2172
	RV Aurora Australis
	31/08/1994
	19/10/1994
	EK38

	AAD
	199697020
	GA-2180
	RV Aurora Australis
	26/09/1996
	24/11/1996
	EK38

	AAD
	199798020
	GA-2183
	RV Aurora Australis
	23/09/1997
	11/11/1997
	EK38

	AAD
	199798040
	GA-2185
	RV Aurora Australis
	29/11/1997
	22/01/1998
	EK38

	AAD
	199798050
	GA-2186
	RV Aurora Australis
	26/01/1998
	23/02/1998
	EK38

	AAD
	199798070
	GA-2187
	RV Aurora Australis
	03/04/1998
	22/05/1998
	EK38

	AAD
	199899010
	GA-2188
	RV Aurora Australis
	15/07/1998
	31/07/1998
	EK38

	AAD
	199899060
	GA-2190
	RV Aurora Australis
	06/03/1999
	07/09/1999
	EK38

	AAD
	199900020
	GA-2192
	RV Aurora Australis
	01/10/1999
	19/11/1999
	EK38

	AAD
	199900040
	GA-2193
	RV Aurora Australis
	22/11/1999
	21/01/2000
	EK38

	AAD
	199900060
	GA-2198
	RV Aurora Australis
	18/02/2000
	30/03/2000
	EK38

	AAD
	200102050
	GA-2201
	RV Aurora Australis
	16/12/2001
	23/01/2002
	EK38

	AAD
	200203040
	GA-3649
	RV Aurora Australis
	03/01/2003
	19/03/2003
	EK38

	AAD
	200809020
	GA-3661
	RV Aurora Australis
	23/11/2008
	20/02/2009
	EK38

	AAD
	200809030
	GA-3662
	RV Aurora Australis
	30/12/2008
	20/02/2009
	EK38

	AAD
	200809050
	GA-3667
	RV Aurora Australis
	24/02/2009
	26/03/2009
	EK38

	AAD
	200910020
	GA-3668
	RV Aurora Australis
	07/12/2009
	22/01/2010
	EK38

	AAD
	200910030
	GA-3671
	RV Aurora Australis
	25/01/2010
	27/02/2010
	EK38

	AAD
	200910040
	GA-3672
	RV Aurora Australis
	08/03/2010
	28/03/2010
	EK38

	AAD
	201011010
	GA-3674
	RV Aurora Australis
	21/10/2010
	02/12/2010
	EK38

	AAD
	200910010
	GA-4311
	RV Aurora Australis
	30/10/2009
	04/12/2009
	EK38




Table 4a: Prydz MPA Multibeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	National Science Foundation
	NBP0101
	GA-2365
	RV Nathaniel B Palmer
	5/02/2001
	19/03/2001
	Seabeam 2112 12kHz

	Alfred Wegener Institute
	ANT-XXIII/9
	GA-2432
	RV Polar Stern
	2/02/2007
	11/04/2007
	Atlas Hydrosweep DS2

	Geoscience Australia
	Davis Base Harbour Survey
	GA-4301
	RV Howard Burton
	15/02/2010
	12/03/2010
	Kongsberg EM3002 300kHz


Table 4b: Prydz MPA Singlebeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	288
	GA-0031
	RV Nella Dan
	19/10/1979
	19/03/1980
	Raytheon, 3.5kHz

	AAD
	295
	GA-0032
	RV Nella Dan
	18/10/1980
	19/03/1981
	Raytheon, 3.5kHz

	AAD
	110
	GA-0033
	RV Nella Dan
	17/11/1981
	24/03/1982
	Raytheon, 3.5kHz

	AAD
	199697050
	GA-0149
	RV Aurora Australis
	06/02/1995
	12/04/1995
	EK38

	AAD
	199697050
	GA-0186
	RV Aurora Australis
	28/01/1997
	29/03/1997
	EK38

	AAD
	200102070
	GA-1765
	RV Aurora Australis
	24/01/2002
	07/03/2002
	EK38

	AAD
	199394020
	GA-1821
	RV Aurora Australis
	12/10/1993
	17/11/1993
	EK38

	AAD
	198586050
	GA-2160
	RV Nella Dan
	04/01/1986
	22/02/1986
	EK38

	AAD
	198687070
	GA-2161
	RV Nella Dan
	06/02/1987
	22/02/1987
	EK38

	AAD
	199091060
	GA-2164
	RV Aurora Australis
	03/01/1991
	19/03/1991
	EK38

	AAD
	199293010
	GA-2165
	RV Aurora Australis
	17/10/1992
	23/11/1992
	EK38

	AAD
	199293070
	GA-2166
	RV Aurora Australis
	05/01/1993
	09/03/1993
	EK38

	AAD
	199394040
	GA-2170
	RV Aurora Australis
	19/11/1993
	28/12/1993
	EK38

	AAD
	199394070
	GA-2171
	RV Aurora Australis
	01/01/1994
	01/03/1994
	EK38

	AAD
	199495010
	GA-2172
	RV Aurora Australis
	31/08/1994
	19/10/1994
	EK38

	AAD
	199495020
	GA-2173
	RV Aurora Australis
	22/10/1994
	29/11/1994
	EK38

	AAD
	199596040
	GA-2179
	RV Aurora Australis
	19/01/1996
	31/03/1996
	EK38

	AAD
	199798020
	GA-2183
	RV Aurora Australis
	23/09/1997
	11/11/1997
	EK38

	AAD
	199798040
	GA-2185
	RV Aurora Australis
	29/11/1997
	22/01/1998
	EK38

	AAD
	199798050
	GA-2186
	RV Aurora Australis
	26/01/1998
	23/02/1998
	EK38

	AAD
	199899040
	GA-2189
	RV Aurora Australis
	28/10/1998
	27/12/1998
	EK38

	AAD
	199899060
	GA-2190
	RV Aurora Australis
	06/03/1999
	07/09/1999
	EK38

	AAD
	199900020
	GA-2192
	RV Aurora Australis
	01/10/1999
	19/11/1999
	EK38

	AAD
	199900040
	GA-2193
	RV Aurora Australis
	22/11/1999
	21/01/2000
	EK38

	AAD
	200001060
	GA-2195
	RV Aurora Australis
	31/12/2000
	10/03/2001
	EK38

	AAD
	199192060
	GA-2197
	RV Aurora Australis
	09/01/1992
	27/03/1992
	EK38

	AAD
	199900060
	GA-2198
	RV Aurora Australis
	18/02/2000
	30/03/2000
	EK38

	AAD
	200102050
	GA-2201
	RV Aurora Australis
	16/12/2001
	23/01/2002
	EK38

	AAD
	200203040
	GA-3649
	RV Aurora Australis
	03/01/2003
	19/03/2003
	EK38

	AAD
	200506030
	GA-3650
	RV Aurora Australis
	02/01/2006
	14/03/2006
	EK38

	AAD
	200809010
	GA-3659
	RV Aurora Australis
	12/10/2008
	21/11/2008
	EK38

	AAD
	200809020
	GA-3661
	RV Aurora Australis
	23/11/2008
	26/12/2008
	EK38

	AAD
	200809050
	GA-3667
	RV Aurora Australis
	24/02/2009
	26/03/2009
	EK38

	AAD
	200910020
	GA-3668
	RV Aurora Australis
	07/12/2009
	22/01/2010
	EK38

	AAD
	200910030
	GA-3671
	RV Aurora Australis
	25/01/2010
	27/02/2010
	EK38

	AAD
	200910040
	GA-3672
	RV Aurora Australis
	08/03/2010
	28/03/2010
	EK38

	AAD
	201011010
	GA-3674
	RV Aurora Australis
	21/10/2010
	02/12/2010
	EK38

	AAD
	200910010
	GA-4311
	RV Aurora Australis
	30/10/2009
	04/12/2009
	EK38


Table 5a: Mac.Robertson MPA Multibeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	National Science Foundation
	NBP0101
	GA-2365
	RV Nathaniel B Palmer
	5/02/2001
	19/03/2001
	Seabeam 2112 12kHz

	Alfred Wegener Institute
	ANT-XXIII/9
	GA-2432
	RV Polar Stern
	2/02/2007
	11/04/2007
	Atlas Hydrosweep DS2


Table 5b: Mac.Robertson MPA Singlebeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	288
	GA-0031
	RV Nella Dan
	19/10/1979
	19/03/1980
	Raytheon, 3.5kHz

	AAD
	295
	GA-0032
	RV Nella Dan
	18/10/1980
	19/03/1981
	Raytheon, 3.5kHz

	AAD
	110
	GA-0033
	RV Nella Dan
	17/11/1981
	24/03/1982
	Raytheon, 3.5kHz

	AAD
	199697050
	GA-0149
	RV Aurora Australis
	06/02/1995
	12/04/1995
	EK38

	AAD
	199697050
	GA-0186
	RV Aurora Australis
	28/01/1997
	29/03/1997
	EK38

	AAD
	200102070
	GA-1765
	RV Aurora Australis
	24/01/2002
	07/03/2002
	EK38

	AAD
	199394020
	GA-1821
	RV Aurora Australis
	12/10/1993
	17/11/1993
	EK38

	AAD
	198586050
	GA-2160
	RV Nella Dan
	04/01/1986
	22/02/1986
	EK38

	AAD
	198687070
	GA-2161
	RV Nella Dan
	06/02/1987
	22/02/1987
	EK38

	AAD
	199091060
	GA-2164
	RV Aurora Australis
	03/01/1991
	19/03/1991
	EK38

	AAD
	199293070
	GA-2166
	RV Aurora Australis
	05/01/1993
	09/03/1993
	EK38

	AAD
	199394040
	GA-2170
	RV Aurora Australis
	19/11/1993
	28/12/1993
	EK38

	AAD
	199394070
	GA-2171
	RV Aurora Australis
	01/01/1994
	01/03/1994
	EK38

	AAD
	199495010
	GA-2172
	RV Aurora Australis
	31/08/1994
	19/10/1994
	EK38

	AAD
	199798020
	GA-2183
	RV Aurora Australis
	23/09/1997
	11/11/1997
	EK38

	AAD
	199798040
	GA-2185
	RV Aurora Australis
	29/11/1997
	22/01/1998
	EK38

	AAD
	199899060
	GA-2190
	RV Aurora Australis
	06/03/1999
	07/09/1999
	EK38

	AAD
	199900020
	GA-2192
	RV Aurora Australis
	01/10/1999
	19/11/1999
	EK38

	AAD
	199900040
	GA-2193
	RV Aurora Australis
	22/11/1999
	21/01/2000
	EK38

	AAD
	200001060
	GA-2195
	RV Aurora Australis
	31/12/2000
	10/03/2001
	EK38

	AAD
	199192060
	GA-2197
	RV Aurora Australis
	09/01/1992
	27/03/1992
	EK38

	AAD
	199900060
	GA-2198
	RV Aurora Australis
	18/02/2000
	30/03/2000
	EK38

	AAD
	200102050
	GA-2201
	RV Aurora Australis
	16/12/2001
	23/01/2002
	EK38

	AAD
	200203040
	GA-3649
	RV Aurora Australis
	03/01/2003
	19/03/2003
	EK38

	AAD
	200506030
	GA-3650
	RV Aurora Australis
	02/01/2006
	14/03/2006
	EK38

	AAD
	200809030
	GA-3662
	RV Aurora Australis
	30/12/2008
	20/02/2009
	EK38

	AAD
	200910030
	GA-3671
	RV Aurora Australis
	25/01/2010
	27/02/2010
	EK38


Table 6a: Enderby MPA Multibeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	Alfred Wegener Institute
	ANT-XXIII/9
	GA-2432
	RV Polar Stern
	2/02/2007
	11/04/2007
	Atlas Hydrosweep DS2


Table 6b: Enderby MPA Singlebeam Data Sources
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	200506030
	GA-3650
	RV Aurora Australis
	02/011/2006
	14/03/2006
	EK38

	AAD
	200809030
	GA-3662
	RV Aurora Australis
	30/12/2008
	20/02/2009
	EK38


Table 7: Gunnerus MPA Singlebeam Data Sources (no multibeam data available)
	Source Institution
	Survey Name/ Code
	GA Survey Ref No.
	Vessel
	Voyage Start
	Voyage End
	System

	AAD
	200506030
	GA-3650
	RV Aurora Australis
	02/011/2006
	14/03/2006
	EK38


[bookmark: _Toc365439605]Data Processing
[bookmark: _Toc365439606]Singlebeam Data
[bookmark: _Toc365439607]Adjustment of Sound Velocity
The majority of AAD singlebeam data was provided in MGD77 format. MGD77 Format was developed by the National Geosphysical Data Center under the US Department of Commerce. It is designed as an exchange format for marine geophysical data (MGD) (bathymetry, magnetics, gravity and seismic navigation) and was first conceived of in 1977 (NGDC, 2010). In this format, the header specifies the speed of sound value used to calculate depth from the two-way travel time measured by the singlebeam instrument (Figure 2).
[image: Figure 2 shows the header and some data from a singlebeam data file in MGD77 format. The header contains several metadata including the speed of sound used to calculate depth. The speed of sound is highlighted and states seconds 1500000 which equates to 1500m/s.]
Figure 2: Excerpt from MGD77 formatted data file. The speed of sound field is highlighted in blue.
All AAD singlebeam data provided in MGD77 format (as shown in Figure 2) specified that a speed of sound value of 1500 m/s was used to calculate depth. The two-way travel time field was not populated. It is assumed that a value of 1500 m/s was actually used in calculations and not added into the header at some point during a file conversion process.



A value of 1500 m/s is a generalised figure for the speed of sound in water . It is shown by the collected sound velocity profiles embedded in the multibeam data to be an unrealistic value for Antarctic waters and if used would lead to significant depth errors. Therefore, the AAD singlebeam datasets required some adjustment. Using the sound velocity profiles stored with the Antarctic multibeam data, a mean sound velocity value was calculated (for sound velocity profiles and mean calculations, see Appendix A). The mean sound velocity calculated from the profiles used with the multibeam data was found to be:m/s, with a standard deviation of ~16 m/s and m/s.

The following formula is used to calculate singlebeam depth values from two way travel time. Time in this case refers to half the two way travel time :

The conversion factor to adjust the depth values of the MGD77 Singlebeam data for a more realistic speed of sound (1460m/s) was determined as follows:

All the depth values in the MGD77 formatted singlebeam files were then multiplied by this conversion factor. The header was adjusted accordingly.
[bookmark: _Toc365439608]Loading data into CARISTM HIPS (CARISTM, 2011a)
CARISTM HIPS is a comprehensive hydrographic processing software system. It is comprised of numerous tools to facilitate the accurate import, processing and export of bathymetry data.
All MGD77 files were opened in CARISTM HIPS software using the Generic Data Parser import tool. This tool allows the user to specify the details of an import format. The details of that format can then be saved as *.par file and used again for the same filetypes in the future. The customised *.par file used for the import of the MGD77 data is stored in the following directory on the data drive: AAD_MPA_Deliverables\01_RAW_DATA\08_ALL_SINGLBEAM_MGD77.
The data files were taken from long voyages with continuous data collection. In order to import them into CARISTM HIPS, they first had to be split up into separate files that covered time periods of less than 24 days. This is a restriction of the software, which is explained in the following paragraph. A script was written for this purpose: ‘Split_MGD77’ stored on the data drive in: AAD_MPA_Deliverables\01_RAW_DATA\08_ALL_SINGLBEAM_MGD77\MGD77_COMPLETE_1460ms.
This was necessary because CARISTM HIPS 7.0 organises the viewing of data by line and stores timestamps internally as scaled 32-bit integers as an offset in milliseconds from the reference time (which is taken as the first timestamp in the data set). This means a single HIPS line can only store data that spans 2 ^ 31 / 1000.0 seconds (= 2147483.648, approximately 24 days).
[bookmark: _Toc365439609]Processing of Navigation Data
Once the MGD77 files had been imported into CARISTM HIPS, the navigation data could be viewed on the display window and edited using the tool ‘Navigation Editor’. All anomalous data was then ‘rejected with interpolation’. That is, if a position point was significantly different from the ship's course, the position could be rejected and the course interpolated between the preceding and subsequent position point. Full lines were processed for navigation error, not just within the MPA boundaries.
It should be noted that despite all positioning data for the singlebeam data being provided to a precision of 5 decimal places of a degree, this does not necessarily reflect the accuracy of the data. Data collected from the vessel RSV Aurora Australis is listed as having been positioned by DGPS. However, data collected from the MV Nella Dan was positioned by the Transit Satellite Navigation System Tracor MK (GA, 1980).
The navigation tracks of the vessel using Transit Satellite Navigation occasionally showed a distinct zigzag pattern. It can be assumed that this occurred when the satellite positioning was intermittently available and the vessel alternated between satellite positioning and dead reckoning.
These patterns were not edited out of the datasets unless the bathymetry appeared anomalous. However, the poor accuracy of the positioning should be considered when depth is required at an exact position.
[bookmark: _Toc365439610]Processing of Depth Data
Once the data files were corrected for navigation, a ‘zero tide’ file was applied to allow for data editing in CARISTM HIPS. A zero tide file is a file formatted as a tide file, but with zero values for all tide readings. This file can be applied to satisfy the software’s requirement for the application of tide when no tide application is necessary.
Since the majority of the data was in water deeper than 500m, it is assumed that all depth data is referenced to the vertical datum MSL.
The data was then area-based edited, using the 3D Subset Editor facility in CARISTM HIPS, meaning that the data was assessed visually, addressing small areas at a time. This meant that depth outliers could be visually identified. Lines that were obviously erroneous, that showed consistent significantly different depth values to surrounding data from other sources, were completely removed. Lines with some noise were 'cleaned' by rejecting the anomalous depth values.
[bookmark: _Toc365439611]Multibeam Data
[bookmark: _Toc365439612]Processing of Navigation Data
The multibeam data was loaded into CARISTM HIPS and the navigation data within the MPA regions was edited for ‘spikes’ and navigation ‘jumps’ using the ‘Navigation Editor’ tool. This tool allows the navigation data to be isolated from other data and viewed and edited easily. As with the singlebeam data, the majority of positioning anomalies were rejected with interpolation.
[bookmark: _Toc365439613]Adjustment of Sound Velocity
The multibeam swath was viewed by line (where a line is a fragment of the dataset determined at collection) using the ‘Swath Editor’ tool in CARISTM HIPS. The swath editor allows the line to be broken down and viewed from numerous angles in order to more easily identify erroneous data. In areas where an obvious sound velocity error appeared, the ‘Refraction Editor’ was used to adjust the swath. Typically, sound velocity error can be identified by a concave or convex bend across the swath. The Refraction Editor allows the applied sound velocity to be adjusted, thereby adjusting the depth calculations across the beams.
[bookmark: _Toc365439614]Processing of Depth Data
All data is assumed to be referenced to the vertical datum MSL, so again a zero tide file was applied.
Since no Total Propagated Uncertainty TPU values were provided with the survey data, the automated processing algorithm CUBE could not be used as a processing tool. TPU is a prerequisite for CUBE, as CUBE hypothesises a surface based on the depth points and their uncertainty. The multibeam swath tracks were therefore edited manually using the Subset Editor tool in CARISTM HIPS. The Subset Editor allowed the data to be selected and viewed in both 2D and 3D viewers. Anomalous data points could then be selected and rejected.
[bookmark: _Toc365439615]Data Presentation
[bookmark: _Toc365439616]Projection
The most appropriate projection for the presentation of the bathymetric datasets was WGS84 UTM zones. This is the most effective way of minimising distortion and maintaining positional accuracy for this region of the world. This decision was strongly influenced by how the CARISTM HIPS software deals with projections.
When data is imported into CARISTM HIPS, it is converted into HDCS Data, which stores position data as geographic coordinates (i.e. Latitude and Longitude). Users are then prompted to select a ‘map definition’, that is a projection for displaying the data on the screen. This does not affect how the data is stored.
In order to process the data a ‘Fieldsheet’ must be created. Fieldsheets also require a map definition, which describes the reference system the grid is stored in and exported as. This map definition cannot be changed once it is defined and so this is the point at which the most appropriate projection should be selected. Choosing an inappropriate projection at this stage would distort the positions and lead to the export of erroneous positioning data.
Although a regional projection such as the southern polar stereographic projection makes apparent sense visually, the UTM zones have the least distortion in the Antarctic coastal areas (i.e. the sum of squares of the residuals with respect to the actual global shape is minimised). A stereographic South Pole projection is only appropriate for latitudes south of -80° (SCAR, 2011a). Figure 4 shows where the UTM zone projections and stereographic projections (UPS South) are most appropriate for the Antarctic region. For this reason, the bathymetric data provided is grouped into UTM zones from the ‘fieldsheet’ stage through to the creation of images and soundings etc. All data is displayed in the Master GIS *.mxd file for ease of viewing.
[image: Figure 3 shows a map of Antarctica with the Universal Transverse Mercator or UTM zones delineated including the UTM South zone. The UTM south zone appears as a circle covering the south pole, where a stereographic projecion is used. The UTM zones from 1 to 60 span out in segments along lines of longitude. Each UTM zone is 6 degrees of longitude wide. Longitude is marked on the map. ]
Figure 3: Projections: UTM zones and UPS South zone in the Antarctic Region (SCAR, 2011b).
[bookmark: _Toc365439617]Surface Creation
Singlebeam and multibeam data were gridded separately in UTM zone specific fieldsheets in CARISTM HIPS. They were then opened and combined using CARISTM BASE Editor (CARIS, 2011b), prioritising the multibeam data where data overlapped. The gridded surfaces were then cropped to fit within the proposed MPA boundaries.
The combined xyz data was then exported as a single ASCII file to be opened in the GIS software ESRI® ArcMapTM 9.3 (ESRI®, 2008) and converted to a Raster using the 'Point to Raster' tool in the Conversion toolbox.
All data was gridded to 100m resolution in both applications.
In areas of high sounding density, interpolated surfaces could also be made, for example in the Prydz, Drygalski and Mac.Robertson MPAs (Fig. 5). Interpolated surfaces are surfaces that are created by taking the gridded data and interpolating across areas where there is no data. The interpolation depths are calculated based on modelled existing data.
To interpolate a surface, the bathymetric point data was exported to a shapefile. Regions were then selected and interpolated using the ‘Topo to Raster’ tool in the Spatial Analyst toolbox. This tool uses a process developed by Michael Hutchinson at ANU termed ANUDEM (Hutchinson, 1989). The ArcMapTM tool only interpolates rectagonal regions and so where this was unsuitable, the ArcMapTM mosaic tool was used to patch rectagonal regions together. All interpolated gridding was to a resolution of 100m.
One pre-made interpolated grid was also included. The interpolated Mertz grid was provided by Rob Beaman of JCU (Beaman et al., 2011). (Note: this interpolated grid does not cover the full extent of the proposed Mertz MPA).
[bookmark: _Toc365439618]Export of Soundings
Soundings layers were created in CARISTM Bathy Database at 10 km intervals. This spacing allowed for ease of viewing at a reasonable zoom level in GIS software applications. The sounding files created in CARISTM are a HOB file type. HOB files are CARISTM format that is used for soundings. The HOB file was then exported from CARISTM BASE Editor to an S57 file type (*.000). The S57 filetype is a vector interchange format used for maritime charts. It was developed by the International Hydrographic Organisation (IHO) and is an international standard.
[bookmark: _Toc365439619]Data Deliverables
[bookmark: _Toc365439620]Filetypes
This dataset was produced for use by the AAD and has now been publicly released by Geoscience Australia. The bathymetric data can be downloaded from the following webpage:
https://www.ga.gov.au/products/servlet/controller?event=FILE_SELECTION&catno=75593
The following filetypes are available:
[bookmark: _Toc365439621]Interpolated Gridded Surface
In areas of high data density (Prydz, Drygalski and Mac.Robertson MPAs), interpolated surfaces are available in Raster formats. These grids can be visualised using the CARISTM EasyView software or in ESRI ArcMapTM.
[bookmark: _Toc365439622]ArcMapTM GIS Files
ESRI ArcMapTM shapefiles and raster files have been provided as they are helpful in the visualisation of bathymetry data. The shapefiles include all survey tracks, the proposed MPA boundaries, and the Antarctic coastline. Satellite bathymetry (from ETOPO2) is provided as a background raster file.
[bookmark: _Toc365439623]GeoTIFs
GeoTIFs of the bathymetric data have been provided for each proposed MPA. These files are geographically referenced images and can be displayed in GIS software or can be viewed simply as image files.
[bookmark: _Toc365439624]Soundings
The soundings can be viewed in ArcMapTM by loading the shapefiles and labelling with the attribute, DEPTH.
[bookmark: _Toc365439625]CARISTM Easyview
This is free software provided by CARISTM that allows viewing of several spatial data formats including those listed below. CARISTM Easyview also has a 3D viewer, which is very useful for generating images. Supported data formats:
AutoCAD files (DWG and DXF)
BASE Surface files (CSAR, HNS, BMS, HCS, DEF, and BAG)
Sounding Set files (CSAR, BPS)
BSB images (KAP, CAP)
CARISTM files (DES)
CARISTM Spatial Agent File files (SAF)
CRL images (CRL)
DGN files (DGN)
ECW images (ECW)
GeoTIFF images (TIF)
HCRF images (CHR)
Hydrographic Object Binary files (HOB)
IGA images (IGA)
JPEG 2000 images (JP2)
S-57 files (000)
Shape files (SHP)
TFW images(TFW)
VPF library (LHT)
[bookmark: _Toc365439626]
Individual MPAs
[bookmark: _Toc365439627]Overall Marine Protected Area (MPA) Locations
Figure 4, an adapted version of Figure 1 is shown here as a reference for the locations of the MPAs.
[image: Figure 4 shows a map of Antarctica illustrating the locations of the seven proposed MPAs and the three Australian Antarctic bases. Superimposed on this map are the bathymetry compilations coloured by depth and the ship track lines of the singlebeam data. The map effectively shows the bathymetry data distribution in the area of interest. Most of the ship track data is between Australia and the three bases. The bathymetry compilations are located in the Mac Robertson, Prydz, Drygalski and Mertz MPAs as these were the MPAs with the highest data density.]
Figure 4: Location of the seven proposed Antarctica MPAs (boundaries shown by thick black outlines). The blue lines represent singlebeam data ship tracks. The pale green lines represent multibeam coverage and ship tracks. The coloured regions represent the interpolated bathymetric grids derived from the bathymetry data. The Australian Antarctic bases are shown in bold text.
[bookmark: _Toc365439628]
Mertz proposed Marine Protected Area
There is a significant amount of bathymetry data available within this MPA. An interpolated surface has previously been published for much of this region (Beaman, 2011). These data were submitted to the AAD and included in the datasets presented here.
[image: Figure 5 is a map showing the part of Antarctica where the Mertz MPA is located. The MPA is outlined and contains a region where the bathymetry is interpolated and so appears as full coverage. Other bathymetry data is shown within the MPA as swath tracks but is relatively sparse. Ship tracks are shown across the whole map. The region covered is between 120 and 150 degrees east and minus 55 to approximately 70 degrees south.]
Figure 5: Mertz MPA Bathymetry. The outline of the MPA is represented by the thick black lines. The coloured areas detail the bathymetry data, with the coloured block showing the interpolated dataset published by Beaman et al., 2011. The blue lines represent singlebeam ship tracks.
[bookmark: _Toc365439629]
Wilkes proposed Marine Protected Area
There is very little data within this MPA, with only several singlebeam surveys and one multibeam survey crossing the MPA boundary.
[image: Figure 6 is a map showing the region of Antarctica where the Wilkes MPA is located. The MPA shows the bathymetry within the MPA, which is sparse and limited to a few ship track lines. Ship tracklines are shown across the whole map. The map covers the area between approximately 108 and 116 degrees east and minus 60 to minus 72 degrees south. ]
Figure 6: Wilkes MPA Bathymetry. The MPA boundaries are shown by the thick black lines. The coloured areas represent bathymetry data and the blue lines singlebeam data ship tracks.
[bookmark: _Toc365439630]
Drygalski proposed Marine Protected Area
The Drygalski MPA contains a significant amount of bathymetry data and an interpolated surface was calculated to cover much of the MPA area.
[image: Figure 7 is a map showing the part of Antarctica where the Drygalski MPA is located. The MPA is outlined and contains a region where the bathymetry is interpolated and so appears as full coverage. Other bathymetry data is shown within the MPA as swath tracks but sparse. Ship tracks are shown across the whole map. The region covered is approximately between 80 and 100 degrees east and minus 58 to approximately 75 degrees south.]
Figure 7: Drygalski MPA Bathymetry.The outline of the MPA boundary is shown in thick black lines. The coloured areas represent the bathymetry data both as data and interpolated datasets.
[bookmark: _Toc365439631]
Prydz proposed Marine Protected Area
As a result of this MPA including the Australian Base Davis, this area was data rich with both numerous singlebeam and multibeam surveys. An interpolated surface was created.
[image: Figure 8 is a map showing the part of Antarctica where the Prydz MPA is located. The MPA is outlined and contains a region where the bathymetry is interpolated and so appears as full coverage. There are no further ship tracks within the Prydz MPA but there are numerous ship tracks outside the bounds of the MPA. Interpolated bathymetry is also shown in other neighbouring MPAs. The Australian antarctic base, DAvis is shown on the map and falls within the Prydz MPA. They are both located within Prydz Bay. The region of the map is approximately between 60 and 85 degrees east and minus 65 and minus 75 degrees south. ]
Figure 8: Prydz MPA Bathymetry. Davis Antarctic base is shown in bold text. The coloured areas represent interpolated bathymetry grids. The blue lines show singlebeam ship tracks.
[bookmark: _Toc365439632]
Mac.Robertson proposed Marine Protected Area
Mac.Robertson MPA includes the Australian Base, Mawson and so also has numerous shiptracks, with singlebeam and multibeam data. An interpolated surface was created for most of the MPA, where the majority of data lies.
[image: Figure 9 is a map showing the part of Antarctica where the Mac.Robertson MPA is located. The MPA is outlined and contains a region where the bathymetry is interpolated and so appears as full coverage. Other bathymetry data is shown within the MPA as swath tracks but are relatively sparse. Ship tracks are shown across the whole map. The region covered is between 45 and 78 degrees east and minus 58 to approximately minus 73 degrees south.]
Figure 9: Mac.Robertson MPA Bathymetry. Mawson Antarctic base is shown in bold text. The coloured areas represent interpolated and gridded bathymetry. The blue lines represent singlebeam ship tracks.
[bookmark: _Toc365439633]
Enderby proposed Marine Protected Area
The data from only one multibeam survey is available for this remote and infrequently visited MPA. The lack of data did not warrant the creation of an interpolated surface.
[image: Figure 10 is a map showing the part of Antarctica where the Enderby MPA is located. The MPA is outlined and shows a single multibeam track across it, with three singlebeam ship tracks. The data is therefore extremely sparse. The map covers the approximate region between 40 and 60 degrees east and minus 60 and minus 70 degrees south. ]
Figure 10: Enderby MPA Bathymetry. The black lines represent the boundary of the MPA. The blue lines represent singlebeam ship tracks and the coloured areas represent bathymetry data.
[bookmark: _Toc365439634]
Gunnerus proposed Marine Protected Area
One singlebeam line passes in the bounds of the Gunnerus MPA (Fig.11).
[image: Figure 11 is a map showing the part of Antarctica where the Gunnerus MPA is located. The MPA is outlined and shows just one singlebeam ships track across it. This was the only data available within the MPA. The map covers the approximate region between 20 and 48 degrees east and minus 60 and minus 75 degrees south. ]
Figure 11: Gunnerus MPA Bathymetry. The thick black lines mark out the MPA boundaries. The blue lines represent singlebeam ship tracks.
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[bookmark: _Toc365439637]Determination of Approximate Mean Sound Velocity.
The sound velocity profiles (SVPs) used in the collection of the multibeam data are tabulated below (Not all voyages had SVP records). The mean sound velocity value was calculated from each discreet SVP and then a grand mean was calculated from all mean values. This was deemed the most efficient way to derive a grand mean with the data available:
Table 8: Mean Sound Velocity Values by Survey
	GA Voyage Reference Number 
	Mean Sound Velocity 
	Standard Deviation

	GA-2493
	1471
	12.3

	GA-2327
	1487
	2.2

	GA-2493
	1458
	7.6

	GA-2432
	1452
	7.2

	GA-2365
	1451
	11.8

	GA-4301
	1441
	0.2

	Grand Mean
	1460
	16.6


Table 9: Sound Velocity Profiles from survey GA-2493 (first profile).
	Depth (m)
	Velocity (m/s)

	0
	1460

	19.2
	1460

	56.7
	1461

	69.4
	1461

	79.59
	1458

	89.1
	1454

	98.6
	1453

	102.4
	1452

	126.4
	1453

	130.9
	1453

	138.4
	1454

	147.9
	1454

	158.6
	1455

	169.9
	1456

	193.8
	1459

	200.1
	1459

	216.4
	1460

	227.7
	1461

	237.7
	1461

	245.8
	1462

	295.7
	1463

	323
	1463

	339.1
	1464

	488
	1466

	593
	1468

	617.8
	1468

	626.2
	1473

	635.9
	1471

	651.5
	1471

	702.4
	1471

	732.3
	1471

	745.9
	1478

	749.5
	1479

	759.6
	1494

	770.9
	1484

	778.6
	1482

	792.8
	1479

	804.7
	1478

	827.7
	1477

	846.6
	1476

	866
	1476

	873.6
	1476

	887.7
	1476

	889.5
	1476

	897.1
	1488

	902.3
	1488

	908.8
	1485

	910.5
	1485

	924
	1482

	936.2
	1481

	943.2
	1487

	950.8
	1485

	960.1
	1484

	967.7
	1490

	976.4
	1486

	986.8
	1484

	993.8
	1484

	997.9
	1490


Table 10: Sound Velocity Profiles from survey GA-2327
	Depth (m)
	Velocity (m/s)

	6.7
	1488

	36.09
	1488.9

	61.5
	1489.7

	81.19
	1488.6

	102.5
	1484.3

	147.1
	1485.2

	192.3
	1487.5

	248.9
	1488

	299.79
	1488.3

	364.9
	1488.6

	424.3
	1490.6

	475.2
	1490.6

	595.4
	1488.5

	701.2
	1487.6

	807
	1486.6

	919.5
	1485.1

	998.9
	1482.7


Table 11: Sound Velocity Profiles from survey GA-2493 (second profile)
	Depth (m)
	Velocity (m/s)

	0
	1456.5

	8.9
	1456.6

	43.4
	1458.1

	47.2
	1457.8

	58.6
	1453.2

	69.4
	1451.4

	82.1
	1448.8

	92.3
	1448.4

	100.5
	1448.4

	105.6
	1447.9

	111.9
	1446.6

	115.7
	1446.7

	122
	1448.3

	127.1
	1447.7

	145.4
	1450.8

	154.2
	1452

	157.4
	1452.3

	162.4
	1452.6

	175
	1456.3

	193.8
	1459.2

	204.5
	1460

	222
	1460.6

	237.7
	1461.1

	258.9
	1461.2

	269.5
	1461.6

	301.3
	1462

	320.5
	1462.7

	328
	1462.7

	358.9
	1463.1

	408.3
	1463.8

	468.4
	1465

	530
	1466

	578.5
	1466.8

	720.9
	1469

	823.6
	1470.2

	974.6
	1472.2

	997.9
	1472.5


Table 12: Sound Velocity Profiles from survey GA-2432
	Depth (m)
	Velocity (m/s)

	0
	1450

	32
	1449

	36
	1451

	41
	1447

	45
	1443

	54
	1443

	54
	1444

	63
	1446

	77
	1449

	90
	1452

	99
	1455

	122
	1458

	144
	1458

	162
	1458

	162
	1460

	221
	1461

	662
	1469


Table 13: Sound Velocity Profiles from survey GA-2365
	Depth (m)
	Velocity (m/s)

	6.7
	1460

	19.1
	1439

	35.3
	1440.5

	48.5
	1439.6

	73
	1439.9

	99.9
	1439.9

	123.9
	1440.8

	151.8
	1440.8

	201.5
	1441.8

	248.5
	1442.4

	294.1
	1442.1

	404.2
	1443.5

	496.2
	1445.3

	609.2
	1447.6

	705.1
	1449

	790.6
	1450.8

	916.2
	1453.3

	1011.4
	1455.8

	1150.8
	1458.6

	1244.4
	1460.7

	1344.8
	1463.1

	1453.6
	1465.6

	1590.8
	1468.9

	1733.9
	1472.6

	2001.4
	1478.4


Table 14: Sound Velocity Profiles from survey GA-4301
	Depth (m)
	Velocity (m/s)

	0.06
	1440.9

	0.08
	1441

	4.57
	1441.2

	19.5
	1441.3

	50
	1441.3

	350
	1441.3
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